Rice processing machines produced in developed countries are mostly unaffordable by rural farmers, hence there was need to develop cost effective/efficient machines produced from available local materials desirable in food industry that meets the need of the rural farmers. This study was to evaluate the performance of a developed rice dehusking/destoning machine at Federal University of Agriculture, Abeokuta, Nigeria. Minitab 16 was used for analysis of variance of two main factors [four paddy varieties Faro 35, Faro 44, Faro 55 and Ofada and five moisture content (MC) groups] to obtain its optimum operational parameters. Cleaning efficiency, coefficient of dehulling, coefficient of wholeness, dehulling efficiency, dehulling recovery and output capacity were optimum at 94.60%, 0.63, 0.85, 50.54%, 61.22% and 18.53 kg/h respectively. The effect of MC and test paddy variety on coefficient of wholeness and dehulling efficiency were significant while only MC effect was significant at P<0.05 on cleaning efficiency. Paddy varieties had effect on rice quality, long and slender grains had more breakage than shorter grains. After further work of improvement, its coefficient of dehulling, dehulling efficiency and dehulling recovery were 0.82, 65 and 75% respectively.
Introduction
Rice (Oryza sativa L.) is a staple food consumed by over half the world population. Nigeria consumed about 5.9 million metric tons of milled rice, and local production amounted to about 4.5 million metric tons of paddy rice in year 2012 while 2.7 million metric tons of milled rice was imported. Local rice production faces competition from imported rice, which is favoured for its long white clean grains stones free but taste less than the local varieties. Eliminating stones from Nigerian rice, by using a destoner/huller with locally available materials at low cost when compared with expensive imported ones, would allow Nigerian locally produce rice to be appreciated better than imported rice. Raising the quality of local rice might discourage rice importation, whilst boosting local production.
Ogunfowora (2007) reported poor mastery of parboiling and milling techniques as part of major factor exacerbating rice quality problems, resulting in low market price, which in turn led to very low returns to rice processing activities. It was clear from his study that the major challenge to improve rice quality was the development of low cost but technically efficient and cost effective parboiling and milling technologies. Careful drying after harvest, threshing and parboiling is essential to prevent mould formation, discoloration and fermentation of the rice paddy. The milling stage is the point where actual dehulling (or dehusking) occurs. Dehusking is the removal of husk or hull. The rice milling operation is the separation of the husk (dehusking) and the bran (polishing) to produce the edible portion (endosperm) for consumption (Mejia, 2003) . There are mainly three methods of rice dehulling (or dehusking) in Nigeria. These are traditional or handpounding method, the small-mill processing method and the large-mill processing method (Adewunmi et al., 2007) .
Design and development of roller dehusking prototype machine have been carried out by some researchers with gradual improvements. Lewis in Silsoe College, Bedford, England, initiated the work on rubber roller rice dehusking machine prototype development, and this was found to be fairly satisfactory but required 64 watts power for dehusking 13 kg of paddy with a high wear rate of rubber roller at 0.94 mm (Lewis L.O., unpublished thesis, 1979) . Rasaq worked further on the same machine and attained 81.4 watts power for dehusking 64 kg/h of paddy with a reduced wear rate of rubber roller at 0.019 mm (Rasaq I.M., M.Sc. unpublished thesis, 1981) . Adisa in 1987 and 1991 researched on the assessment of power demand of same machine to further reduce the power requirement, and search for suitable locally available material for roller and alternative source of power supply in England and in Nigeria (Adisa A.F., unpublished M.Sc., 1987) .
In March 2010 a team of researchers at the Federal University of Agriculture, Abeokuta (FUNAAB) in Ogun State, Nigeria commenced rice dehusking/destoning machine development project at the Institute of Food Security, Environmental Resources and Agricultural Research for use in rural areas where most of the country's production comes from. This study was a performance evaluation of this machine using Teflon rollers, which was the next major research work in search of suitable local materials desirable for food industry carried out by these sets of researchers. 
Materials and methods
This study was conducted on roller machine at the Central Engineering Workshop of the FUNAAB, Abeokuta, Ogun State, Nigeria. About 2.8 kg each of Faro 35, 44, 55 and Ofada varieties were obtained for the performance evaluation of the locally developed rice dehusking/destoning (Figure 1) .
The chemical properties of Teflon, molecular bonding, regular arrangement of flourines around the carbon atoms and ability to retain its properties at high temperature as high as 240°C, makes it desirable material in food and chemical industry where it does not corrode or react with anything when in use (Hwang et al., 2005) .
The rollers of the prototype rice dehuller/destoner were made of knolled Teflon rollers with 14.74 cm outer diameter moving at 995.5 rpm for fixed roller while adjustable roller moves at 725 rpm. The adjustable slow roller speed was at a speed of about 27% less than the fixed fast roller. Firouzi et al. (2010) reported that the adjustable roller normally runs at about 30% slower than the fixed one to create shearing effect. PNS/PAES (2004) reported that the rollers are driven mechanically and rotate in opposite directions, the adjustable one rolls normally at about 25% slower than the fixed one, thus 27% slow speed of adjustable roller of this prototype dehuller was close to average speed as suggested in past studies. The speed was measured by Tachometer (Lutron DT-2234B; Lutron Electronic Enterprise CO., Ltd., Taipei, Taiwan; phototype 0.1 rpm -5≈999.9 rpm; 1 rpm -1000≈99.999 rpm).
About 2.8 kg each from raw paddy rice samples were soaked in plastic containers and covered at a level just above the paddy, drained with sieve and then steamed for about 30 min, during which paddy kernels were split from top to bottom. Paddy rice samples were soaked in hot water at 80°C for 3 h, as used by Ituen and Ukpaka (2011) . The steaming (at boiling point) was done for 25-30 min, the samples were taken out and allowed to temper for 3 h (aiming at reducing the moisture content to prevent cracking while drying) as suggested by Dauda et al. (2012) . The samples were sun dried for about 3 h, being the rainy season and shade dried for 1-4 days, by spreading paddy thinly on matted bags and stored in airtight bags and plastic containers before dehulling.
Moisture content was determined using the Air-Oven method using electric oven dryer (General-Model 5222 NE, 230V). The weighing was done by weighing scale with Amput electronic scale (sensitivity 0.01 g).
Physical dimensions (length, breadth and thickness) of paddy and grain were determined by randomly picking twenty whole grains, measured by means of vernier callipers and magnifying lens. The mean of these dimensions was then calculated in accordance with NCRI and WARDA (2007) as shown below:
Length to width ratio (L/W) = Average paddy length, mm
(1) Average paddy width, mm
Results and discussion
Fed into the prototype huller were 500 g each of four varieties of paddy, under this study, at different moisture content groups. Three replicates of 100 g rough rice samples (sub samples) were each taken from samples to determine the following variables (PNS/PAES, 2004; Dauda et al., 2012) as summarised in Table 1 . Grain lengths and widths gave their shapes as shown respectively hence classified both as medium grains. Faro 44 grains shape was classified as long grain with a slender shape, while Ofada grains was classified as short grain based on the standards of IRRI (1996).
Cleaning of paddy-related to dockage (Table 2) involves the separation of undesirable foreign matter or materials other than grain and leaving a cleaned paddy by the aerodynamic mechanism. The average terminal velocity of dehusked rice grain was 7.5 m/s while the set blower air velocity was 9.8 m/s. The maximum cleaning efficiency and minimum were as shown in Table 3 . Although researchers suggested that paddy should undergo cleaning at pre milling stage in order to have high quality rice (Mejia, 2003) , this paddy was neither skimmed nor cleaned so that the cleaning efficiency of the dehuller could be determined. It was observed that the husk outlet had negligible amount of whole grains, broken rice, and unhulled paddy blown away with the chaff.
The effect of paddy moisture content on rice breakage is shown in Figure 2 . It was likely due to the level of moisture content (MC) in some grains, which gave some kind of resistance to breakage because Dilday (1987) reported that rice breakage during the milling process decreased with the increasing paddy moisture content as shown in Tables 2 and 4 . Ofada had less breakage at 1.78 mm roller gap than at 1.5 mm gap thus agreeing with Matthews et al. (1970) who reported that rice breakage was mostly due to mechanical stresses rather than Technical Note (Table 4) thus lesser roller spacing would yield more breakage and in turn less head rice. The highest percentage of whole rice, at a single pass and huller maximum coefficient of wholeness, were as shown in Table 2 . This may be due to the fact that long grains are more susceptible to breakage during milling (Goodman and Rao, 1985) . Dilday (1987) reported that rice breakage during the milling process decreased with the increasing paddy moisture content as observed in Faro 35 (Table 5 ). Coefficient of wholeness was maximum for Ofada, Faro 55, Faro 35 and Faro 44, as shown in Table 2 .
Faro 35, Faro 55 (both medium grains) and Ofada and Faro 44 had maximum dehulling recovery as shown in Tables 2 and 3 , the dehuller maximum coefficient of dehulling was 0.63 for Faro 35 at 12.00-13.99% MC. Above 16.00-17.99% MC, dehulling decreased due to MC higher cohesion of the hull to the brown rice for all varieties, it was possible that the adhesion of the paddy grains to the rollers was due to increased moisture content. This result agrees with that reported by Firouzi et al. (2010) under field conditions and Payman et al. (2006) under laboratory conditions. Figure 2 shows Ofada, Faro 55, Faro 44 and Faro 35 maximum dehulling efficiency respectively at various MC groups. Also it shows Faro 35, Ofada, Faro 55 and Faro 44, the least dehulling efficiency respectively MC level. The huller maximum dehulling efficiency was 50.54% for Faro 35 at 16.00-17.99% MC, this may be due to increased MC leading to increased width and better contact with rollers, and minimum dehulling efficiency of 11.25% for Faro 44 at 20 to 21.99% may be due to excess moisture resulting in stickiness. This was caused mainly by the varying thickness of the paddy grains.
Faro 35, Faro 44 and Ofada had maximum dehulling capacity of 7.37, 7.08 and 10.59 kg/h respectively at 16.00-17.99% MC while Faro 55 had optimal dehulling capacity of 6.38 kg/h at 12.00-13.99% MC range. The least overall dehulling capacity for all paddy varieties was at 20.00-21.99% MC. Maximum dehulling capacity of the dehuller was 10.59 kg/h at 16.00-17.99% MC for Ofada (Figure 3) . There was an increase in overall dehulling capacity for all paddy varieties as MC increased and then the dehulling capacity decreased after reaching 16.00-17.99% MC level. The varying results were due to the timing of the rate of output Technical Note as reported by Dauda et al. (2012) , which was highly affected by vibration as well as coefficient of dehulling of paddy. Faro 55 and Ofada had maximum output capacity of 11.65 and 18.53 kg/h respectively at MC 16.00-17.99% while Faro 35 and Faro 44 had maximum output capacity of 13.39 and 15.17 kg/h respectively at 20.00-21.99% MC as shown in Table 3 . The varying results seen in output capacity agrees with Hunt (1977) that throughput is not always a constant base for comparison, as it varies with crop moisture conditions, and thus throughput ratings should be accompanied by a material moisture report.
Maximum average dehuller capacity utilisation was observed at various MC levels shown in Figure 4 . Varying results of capacity utilisation (CU) for the varieties of paddy at different MC implies that CU depends on the rates of output as well as input, if the operation is not properly timed it could reduce or increase the machine capacity, this result agrees with what Dauda et al. (2011) reported. summary of the tested machine performance parameters showing the means, the differences on various rice varieties, the standard deviations, minimum and maximum values. Table 6 shows the prototype huller performance at optimum operating settings of metering, roller speeds and blow speed settings. The testing result after improvement on the machine stability gave coefficient of dehulling as 0.82, dehulling efficiency was 65% and dehulling recovery was 75%.
Conclusions
Results showed the optimum MC for Ofada, Faro 55, and Faro 44 and Faro 35 and cleaning efficiency (grain purity), coefficient of dehulling, coefficient of wholeness, dehulling efficiency, dehulling recovery, input capacity, output capacity, dehulling capacity, and capacity utilisation obtained was found to be optimum at 94.60%, 0.63, 0.85, 50.54%, 61.22%, 20.41 kg/h, 18.53 kg/h, 10.56 kg/h, 99.46% respectively. After improvement on the machine, coefficient of dehulling was 0.82, dehulling efficiency was 65% and dehulling recovery was 75%. The coefficient of wholeness increased as breakage decreased while long and slender grains had more breakage than shorter grains indicating the effect of physical shape of the paddy varieties. The prototype dehuller was effective for its intended function; however the coefficient of dehulling (0.63) could be improved with better roller material and quicker means of machine settings. 
